This is a preliminary report on the use of the modified Airway Management Device in 50 spontaneously breathing patients undergoing elective day care surgery. We were successful in establishing a clear airway in all 50 patients, 46 of these patients had a patent airway on the first attempt. All patients were successfully managed with the Airway Management Device throughout the surgery. Partial airway obstruction during maintenance of anaesthesia occurred in three cases requiring only minor manipulations. Our result showed that the Airway Management Device may be used as an alternative airway management in anaesthesia.
The airway management device (AMD, Biosil Ltd, Cumberland, U.K.) is a new device for maintaining patency of the airway during anaesthesia. Its design is very similar to the VBM laryngeal tube (VBM, Germany) ( Figure 1 ). It is a multiple use, single lumen, slim translucent silicone tube with two silicone cuffs connected to two independent pilot balloons. The oval orifice between the two cuffs permits ventilation. If placed correctly, the distal cuff lies at the top of the oesophagus at the level of cricopharyngeus and the proximal cuff lies in the oropharynx and oral cavity. The distal cuff occludes the oesophagus and the proximal cuff pushes the base of the tongue forward and lifts the epiglottis allowing delivery of gas from the tube via the ventilation orifice.
There are limited publications on the use of this device. A case report was first published in 2000 1 . Subsequently use by medical students and nurses in a new airway simulator manikin has been described 2 . The device was reported to be easy and rapid to insert in the manikin. Mandal 3 reported its use in 50 patients under general anaesthesia in a prospective audit. Cook did an evaluation of AMD in 105 anaesthesized patients 4 . Both Mandal and Cook found that the overall performance of AMD in patients under anaesthesia was poor. The original AMD was subsequently removed from the market and design modifications have been made. The modified AMD is now available in the market in three adult sizes. The purpose of this study was to evaluate the use of this modified AMD during general anaesthesia in spontaneously breathing patients.
METHODS
We evaluated the use of the AMD in spontaneously breathing patients undergoing elective surgery. Approval was obtained from the University Malaya Medical Centre ethical committee and informed written consent was obtained from the patients. We studied 50 patients (ASA physical status I), aged 18 to 68 years old, undergoing elective day care surgery not requiring endotracheal intubation or mechanical ventilation. Exclusion criteria included patients who were at risk of pulmonary aspiration of gastric contents and those with features suggestive of possible difficult intubation.
All patients were fasted overnight and received oral celecoxib 200 mg as premedication one hour prior to surgery. Intravenous access was obtained and minimum monitoring for routine surgery applied included pulse oximetry, capnography, non-invasive blood pressure monitoring and electrocardiography. After preoxygenation for three minutes, anaesthesia was induced with fentanyl 1 µg.kg -1 and propofol 2 mg.kg -1 . Further increments of propofol 0.5 mg.kg -1 were repeated if necessary to achieve an adequate depth of anesthesia. The AMD was inserted blindly according to the manufacturers' instruction with the distal cuff inflated with 10 ml of air to close the orifice at the distal tip of the device. After insertion of the device, the proximal cuff was inflated with air in 10 ml increments until there was no leak, up to a maximum of 60 ml for the size 3 and 4 AMD and 80 ml for the size 5 AMD. The appropriate size of the AMD was chosen according to manufacturers' guidelines: size 3 for patient weight 30 to 50 kg, size 4 for 45 to 80 kg and size 5 for patients more than 70 kg. All AMD were inserted by the same investigator.
After insertion of the AMD, we assessed the adequacy of ventilation by observing the end-tidal CO 2 waveforms and chest movement. If the patients were still apnoeic after the insertion of the AMD, ventilation was assisted until the onset of spontaneous ventilation. If it was not possible to ventilate the lungs or if the end-tidal CO 2 or chest movement did not indicate a patent airway, the AMD was removed and reinserted after a supplemental dose of propofol. If it was still not possible to insert or ventilate after three attempts, a failure was recorded and the study terminated. The airway was then secured in the most suitable manner determined by the anaesthetist. After successful placement of the AMD, anaesthesia was maintained with 66% nitrous oxide in oxygen and sevoflurane or desflurane.
At the end of surgery, anaesthesia was discontinued and the AMD was removed as airway reflexes returned. The proximal cuff was deflated to atmospheric pressure by inserting a syringe barrel into the pilot tube, as recommended by the manufacturers, before removing the AMD.
The number of attempts required to insert the AMD successfully was recorded. The facility of insertion (graded as very easy, easy, fair, difficult and very difficult) was also recorded. The grading was subjective, but "very easy" meant that the AMD was inserted directly with no manipulation needed, "easy" meant that minimal manipulation (such as a small twist or changing the angle of insertion slightly) was required, "fair" meant that more manipulation was needed, while "difficult" meant that, not only did the tube require manipulation, but that the position of the head required adjusting as well. Any episodes of desaturation, difficulty in maintaining the airway, partial airway obstruction or any intraoperative airway manipulation were recorded. Duration of anaesthesia and any perioperative complications were noted.
RESULTS
Characteristics of the patients, duration of anaesthesia, types of surgery, and dose of fentanyl and propofol administered are shown in Table 1 .
Insertion was possible in all cases. In 46 (92%) insertion and ventilation were successful with the first attempt and in 44 (88%) insertion was considered very easy or easy ( Table 2) .
Adequate ventilation was possible in all 50 cases. The median (range) volume of air inserted into the pharyngeal cuff to achieve an optimal airway was 50 (40 to 60) ml ( Table 2 ). The AMD was used throughout the procedure in all 50 patients. The airway was clear throughout the operation without any manipulation in 47 (94%) cases. In the other three cases the Values are mean (SD) or (range).
airway became partially obstructed soon after the patients were put in the lithotomy position. The proximal cuff was deflated and the AMD readjusted before inflating the cuff again. This simple manipulation solved the problem in all three cases without any further manipulation required during the procedure. There were no other intraoperative complications. Haemoglobin oxygen saturation (SpO 2 ) was above 97% in all patients at all times. The AMD was removed with the patient awake and responding to command. Blood was seen in the device following removal in one patient. Another patient complained of a mild sore throat postoperatively. No congestion of the tongue was observed in any patient although we did not measure the cuff pressure.
Several manufacturing defects were noted, some of which have been previously described 4 . Herniation of the pilot cuffs was observed in six cases. Two of the AMDs had a leak in the distal cuff after three uses, probably due to leaving air in the distal cuff during autoclaving leading to expansion and bursting of the cuff. In four cases the walls of the pilot cuff of the proximal cuff became adherent, so the pilot balloon would not inflate properly, making assessment of inflation difficult.
DISCUSSION
The AMD is designed for routine airway maintenance during anaesthesia. We found a 100% success rate in establishing a clear airway which is comparable to the 95% reported for the laryngeal mask airway (LMA) [5] [6] and 98% reported for the cuffed oropharyngeal airway 7 and much better than the 40-70% reported for laryngeal tube [8] [9] [10] . Our experience with the AMD is better than reported by Cook et al 4 using the original AMD mark I version. This may be because the modified AMD now has three adult sizes, making it easier to choose an appropriate size for the patient. The original size 4-5 used in Cook's study was probably unsuitable for some patients, with the potential for airway obstruction. Indeed in all cases of failure reported by Cook, the patient was 55 to 75 kg. These patients are probably the "in between" size group that has now been addressed by the addition of the middle adult size 4. The design of the proximal cuff has also been modified slightly in this version. The length of the proximal cuff in the size 3 and 4 AMDs has been reduced from 70 mm to 50 mm. This makes the cuff size more appropriate to the smaller patient's shorter upper pharynx anatomy thus reducing the potential for the inflated cuff to push the tongue down and cause airway obstruction. The third modification was the introduction of the "expansion band" to the proximal cuff. The manufacturer claimed that this expansion band offered increased circumferential cuff expansion in relation to the volume inflated, yet at the same time, offering a significantly reduced intra-cuff pressure. In this evaluation we did not measure the cuff pressure within the AMD's proximal cuff but in no case did we have to exceed the recommended volume of air. In fact 44 of the 50 patients required only 50 ml or less of air in the proximal cuff to obtain a good seal. The maximum volume of air injected was 60 ml and that happened on only two occasions, both with a size 5 AMD. This is in contrast to Cook et al 4 where several cases required more than 80ml of air to establish an airway. This difference may be due to the appropriate size chosen for each individual patient and the better design of the proximal cuff in this modified AMD.
Although the design of AMD is very similar to the VBM laryngeal tube, loss of airway control during the procedure occurred much more frequently with the laryngeal tube 9-10 than with the AMD in spontaneously breathing patients. In this evaluation there were three cases of loss of airway control (6%) occurring soon after the patients were moved to the lithotomy position. This incidence was much lower than the 36% reported with the laryngeal tube 9 . We postulated that this may be due to a combination of the midline expansion band of the proximal cuff of the AMD, along with the preinflated distal cuff positioned into the hypopharynx. The design of this "responsive" proximal cuff meant that the cuff would expand in the midline band more quickly and manipulate itself to the shape of the pharynx which effected a secure and gas-tight seal and tended to resist flip and rotation. The preinflated distal cuff when positioned in the hypopharynx tends to maintain the correct orientation and resist both lateral and rotational movement of the AMD. These features are in contrast to the laryngeal tube, where the distal cuff could not be preinflated independently of the proximal cuff, and the standard round proximal cuff would still rotate when in position if twisted, such as would be the case during movement and manipulation of the patient. Our experience also showed that it is important to firmly secure the AMD to the patient's face in order to prevent malposition of the AMD during movement of the patients. After altering the way we secured the AMD, we had no further cases of loss of airway control during the procedure. The AMD was more likely to result in a patent airway than the laryngeal tube. The success rate of the laryngeal tube was reported to be about 40% 10 and 70% 8 in spontaneously breathing patients compared to 100% in this evaluation. Again this may be because the distal cuff of the laryngeal tube cannot be inflated independently before insertion, as both cuffs share a single pilot tube. Inflation of the distal cuff prior to insertion increases the likelihood of correct positioning of the airway above the cricopharyngeus muscle 10 .
Recently Sivasanker et al reported a similar evaluation of this modified AMD 11 . Their first time success rate was only 69% and the failure rate was 20%, these patients requiring alternative airway management. We believed that this may be due to the small volume of air used in their study. The median (range) volume reported was 28 (4-80) ml compared to 50 (40-60) ml in our study, which was similar to the manufacturer's recommendation. Inadequate volume in the proximal cuff may not facilitate a gas tight seal nor resist the flip and rotation, thus resulting in loss of airway.
The evaluation and assessment of AMD in our study was subjective, but all insertions were done by the same investigator, thus eliminating some of the bias. Although a direct comparison with other airway devices such as the LMA would be needed to assess the place of the AMD, our evaluation of 50 patients showed that this modified AMD was easy to insert, atraumatic, provided a patent airway reliably and could be safely used in routine anaesthesia in suitable patients.
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